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The removal of the latent heat of melting at the base of the furnace is controlled by the shift of the insulation. By controlling these various parameters, it is possible to obtain the crystalline quality required for this material [2, 3] . 3 . Microstructure and sélection of the morphological parameters.
The directional removal of latent heat results in
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This function P (l ) corresponds to the probability of a segment 1 being included in the grain. The variation in length of this structuring element 1 enables the change in the different size of crystals to be followed. The size distribution functions of the chord length, 1, are given by the following equations [5] : with F(l) : the size distribution function of the chord lengths, in number, G(l) : the size distribution function of the chord lengths, in weight, P (0) : the value of the function P (l ) at the origin, P'(l) : the derivative of the function P (1 ).
As an example, the function P (1 ), the size distributions in number F (1 ) and in weight G (1 ) are given in figures 2b, c, d and 3b, c, d . It can be seen that the curve G (1 ) takes better into account the effect of large crystals on the size distribution.
Materials.
Two polycrystalline silicon ingots (POLYX) were chosen to present the following results. Two solar cells (n° 5 and 50), 45 .mm apart in the direction of solidification, were taken from the ingot 2020-9 with a homogeneous structure and analysed (Fig. 2) .
Three solar cells were taken from an other ingot (1118-1) with a more heterogeneous structure : n° 29 and n° 49 were 20 mm apart, and n° 118 70 mm apart (Fig. 3) (the solar cells are numbered successively from the top to the bottom of the ingots, and for parallel sections from outside to inside).
The function P (1 ) is the measure of the intersected aera between the original grain and its image translated by the structuring element 1.
Results.
Both size distribution curves in number F (1) and in weight G(l), for the different solar cells, confirm well the high degree of homogeneity of the ingot 2020-9 (Fig. 2) and also the variation in the morphology of the ingot 1118-1 (Fig. 3) . The morphological parameters measured are given in table I.
The distribution curves, F (1) and G(l), have a general shape similar to that observed previously [6] . The slope of the curves varies strongly from the various solar cells analysed of the ingot 1118. It has been established that the slope at the origin is a function of the angularity of the grains and the number of small grains [4, 5] . Consequently for the same ingot and taking into account the columnar structure of the grains, which ensures essentially the same grain shape, the slope at the origin is a precise measure of the number of the small grains. This parameter can be then used to detect possible secondary nucleation which may occur during solidification.
Simulation.
Using an automatic image analyser such as the Leitz-TAS, it is possible to store the initial structure in (Fig. 4a) and to implant in the structure an increasing number of nuclei of a given size. In order to test the effect of secondary nucleation we have only implanted a small number of grains. Thus 20 nuclei implanted in a field of measurement of 2 300 mm2 correspond to a concentration 1.12 % (Fig. 4b) . It is possible to obtain new size distribution curves, G (1 ) and F (1 ) based on the modified structure and also to study the change in the various morphological parameters, and, in particular, the slope at the origin, b, using the approximation y = ax2 + bx + c.
The 
